Liquid crystalline (LC) materials and their non-medical applications have been known for decades, especially in the production of displays, however the pharmaceutical implications of the LC state are inadequately appreciated and experimental data misunderstood leading to possible errors, especially in relation to physical stability of medicines. The aim of this work was to study LC phases of itraconazole (ITZ), an azole antifungal active molecule, and, for the first time, to generate full thermodynamic phase diagrams for ITZ/polymer systems taking into account isotropic and anisotropic phases that this drug can form. It was found that supercooled ITZ does not form an amorphous, but a vitrified smectic (vSm) phase with a glass transition temperature of 59.35 °C (determined using a 10°C/min heating rate), as evident from X-ray diffraction and thermomicroscopic (PLM) experiments. Two endothermic LC events with the onset temperature values for a smectic to nematic transition of 73.2±0.4 °C and a nematic to isotropic transformation at 90.4±0.35 °C and enthalpies of transition of 416±34 J/mol and 842±10 J/mol, respectively, were recorded. For the binary supercooled mixtures, PLM and differential scanning calorimetry showed a phase separation with birefringent vSm persistent over a wide polymer range, as noticed especially for the hypromellose acetate succinate (HAS) systems. Both, smectic and nematic, phases were detected for the supercooled ITZ/HAS and ITZ/methacrylic acid -ethyl acrylate copolymer (EUD) mixtures, while geometric restrictions inhibited the smectic formation in the ITZ/polyacrylic acid (CAR) systems. The Flory-Huggins lattice theory coupled with the Maier-Saupe-McMillan approach to model anisotropic ordering of molecules was successfully utilised to create phase diagrams for all ITZ/polymer mixtures.
Introduction
Poor solubility and dissolution of many active pharmaceutical ingredients (APIs) has become an industry-wide concern. Approximately 40% of marketed APIs are classified as class II drugs with high permeability and low solubility, according to the Biopharmaceutics Classification System (BCS). 1 Conversion of crystalline APIs into dis(ordered), amorphous or liquid crystal (LC) forms is a route, which promises to greatly improve the solubility and consequently the oral bioavailability of these BCS class II drugs, as the solubility of disordered (translationally and/or orientationally) forms is likely to be several times higher than their crystalline counterparts. 2, 3 Amorphous materials have attracted major interest of pharmaceutical scientists and this attention is reflected in numerous publications presenting clear benefits of such materials, aimed mainly at improving bioavailability. 4 Amorphous solids are isotropic systems where the three-dimensional long-range order does not exist. They may exhibit a short-range molecular order and the molecules are conformationally flexible. 5 On the other hand, despite the general knowledge of LC phases for many materials, their applications, beside topical systems, have not been extensively recognised in the field of pharmaceutical materials. Liquid crystals can be defined as a state of matter in which the degree of molecular order is between that of a crystalline solid and an isotropic material. Therefore LCs, or mesophases, are also referred to as the fourth state of matter, as they possess mechanical, optical and structural properties between that of a three dimensionally ordered solid crystal and a completely disordered liquid or amorphous solid. 5 LC materials can be divided into two broad categories: thermotropic LCs and lyotropic LCs. Thermotropic mesophases are formed by heating a crystalline solid or by heating or cooling a mesogen. 5 When a mesophase appears on both heating and cooling it is termed enantiotropic. The mesophase that appears only on cooling of a material below its melting point or heating a solid is termed monotropic. 6 On the other hand, lyotropic LCs are formed by dissolving an amphiphilic mesogen in a suitable solvent.
Disordered APIs have higher energy, entropy and free energy than the corresponding crystalline state. 7 This may lead to their enhanced solubility and bioavailability. However, it also creates the possibility of chemical degradation or spontaneous crystallisation upon storing or processing conditions. 8, 9 LC phases are expected to be more chemically and physically stable than fully disordered, amorphous materials of the same composition. 4 Also, due to the higher Gibbs free energy in comparison to crystalline materials, the (apparent) solubility of mesophases is higher, as shown for fenofibrate calcium. 10 Physical stability of disordered materials can be imparted by mixing them with polymers to form solid dispersions (SDs). 11 This approach is well known for fully disordered API molecules and if the drug and polymer are miscible and the drug loading is below the solubility equilibrium, the drug is molecularly dispersed in the polymer matrix and should form a thermodynamically stable, homogeneous solution without supersaturation and a risk of crystallisation. [12] [13] [14] LC phases are also able to form LC/polymer blends, in literature often referred to as polymer dispersed liquid crystals (PDLCs), and a wide range of nonpharmaceutical applications of PDLCs, such as electrooptical displays, shutters and membranes, have been investigated. 15 These materials, however, typically consist of LC droplets dispersed in a polymer matrix, thus are phase separated systems. As from the point of view of pharmaceutical applications homogenous dispersions are preferred, the phase behaviour of mesophases in binary mixtures is of utmost importance as it directly impacts the physical stability and performance of SDs. Thermodynamic phase diagrams have been recognised as a very beneficial tool in determining stability of binary polymer/API SDs, with the Flory-Huggins approach allowing miscibility/immiscibility of components to be determined. [12] [13] [14] Itraconazole (ITZ) is an API from a group of triazole antifungal drugs used against various fungal species including Cryptococcus, Candida, Aspergillus, Blastomyces and Histoplasma capsulatum var. capsulatum. 16 ITZ is classified as a BCS II compound with extremely low aqueous solubility and poor dissolution rate. ITZ is a week base (pKa of ~3.7) 17 and its aqueous solubility is approximately 1 ng/ml at neutral pH and around 4 µg/ml at pH 1. 16 ITZ has a melting point of approximately 170 °C and a reported glass transition temperature of 59 °C. 18, 19 The chemical structure of ITZ is shown in Figure 1 . In addition to solubility issues, ITZ has the unusual ability to form a number of LC phases. 18, 20, 21 It forms two thermotropic LC phases, nematic and smectic A, 22,23 however a nematic, process-induced phase was also characterised for nanosized and spray dried ITZ as well as a 1: The addition of 20% Carbopol ® 974P very markedly extended the in vitro release of ITZ at 1 and 2 h after the acid-to-neutral pH change, respectively. 27 The SDs produced in the above studies were all identified as being amorphous.
However interestingly, Six et al. 20 and Janssens et al. 21 
Preparation of physical mixtures
All physical mixtures (in w/w ratios) of ITZ (crystalline, as supplied) and each of the polymers investigated (EUD, HAS or CAR) were prepared by ball milling at 400 rpm for 10 minutes, with a planetary ball mill PM 100 (Retsch, Germany) at room temperature. It was shown before that this procedure did not reduce crystallinity of the starting material ( Figure   SI .1). 14 The total amount of powder, 0.5 g, was loaded into the stainless steel milling container with a volume of 25 ml and two stainless steel balls (15 mm in diameter) were used. The collected samples were stored in a desiccator over silica gel at 5 ˚C until use.
Content uniformity determination
The content uniformity test was carried out on the 9:1 ITZ/polymer w/w physical mixtures after ball milling and this analysis was performed five times for each system. A UV spectrophotometric method was used on a double beam UV-visible spectrophotometer (model 1700Pharma, Shimadzu, Japan) with two matched quartz cells with a 1 cm light path. Ethanol was used as a solvent for all analyses. Absorbance of each solution against ethanol was recorded at 262 nm. Six point calibration curves were obtained for each of the ITZ/polymer systems with a correlation coefficient (R 2 ) of at least 0.998. The single results were found to be deviating by no more than ±1.5% from the desired 90% ITZ content and the average results were deviating by no more than ±1.1% from the 90% ITZ content.
Thermal analysis

Melting point depression measurements
The melting events of crystalline ITZ in the physical mixtures prepared as described in The DSC programme used to determine the melting point depression due to the presence of the polymer was as follows: samples were first heated from 25 to 120 °C at a heating rate of 10 °C/min and then a heating rate of 1 °C/min was applied to obtain the melting temperature value as close to the equilibrium as possible. 14 
Powder X-ray diffraction (PXRD)
Powder X-ray diffraction measurements at room temperature (RT-PXRD) were performed on samples placed on a standard glass sample holder using a Rigaku Miniflex II desktop X-ray diffractometer (Rigaku, Japan) with a Haskris cooling unit (Grove Village, IL, USA). RT-PXRD patterns were recorded from 2 to 40 on the 2θ scale at a step of 0.05 /s. The X-ray tube was operated under a voltage of 30 kV and current of 15 mA. Samples for RT-PXRD analysis first were melted in the oven at 180 °C on glass supports and cooled down to room temperature prior to the analysis.
Temperature controlled PXRD (VT-PXRD) was performed on an X'Pert-PRO (PANalytical, Netherlands) X-ray diffractometer equipped with an Anton Paar TTK-450 sample stage (Anton Paar, Austria). VT-PXRD patterns were collected from 5 to 40 2θ at a continuous scanning rate of 0.12 2θ/second. The X-ray tube was operated under a voltage of 40 kV and current of 40 mA.
Polarised Light and Hot Stage Microscopy (PLM)
PLM experiments were performed using an Olympus BX53 polarising optical microscope equipped with a U-POT cross polarizer, a Linkam hot stage and a Q IMAGING Fast 1394 camera (Olympus, Japan) at x500 magnification. The hot stage ramp, for thermomicroscopic investigations, was performed from 25 to 180 °C using a heating rate of 10 °C/min. Samples for PLM experiments were prepared by melting on a microscope glass slide at 170 and 180 °C in the oven (Memmert, Germany). When the powdered mixture was fully melted, a glass coverslip was placed on top, and the sample was allowed to cool at room temperature.
True density measurements
True density was measured by an AccuPyc 1330 Pycnometer Micromeritics TM , using helium (99.995% purity) to determine the volume of the sample. A 1 cm 3 aluminium sample cup was used for all samples and was filled up to 2/3 rd of its nominal volume. The instrument was calibrated immediately before the analysis. All analyses were performed in duplicate for each sample.
Mathematical modelling and statistical analysis
Modelling of phase diagrams and statistical analysis was performed in Origin 2018.
Non-linear least squares curve fits to experimentally determined data were obtained by applying the Levenberg-Marquardt iteration algorithm until the Chi-square tolerance value of 1 x 10 -9 was reached and the fit converged. No weighting for parameters was applied.
Results and discussion
Liquid crystalline properties of itraconazole
The ability of itraconazole (ITZ) to form liquid crystal phases was previously reported by Six and co-workers. 18 The authors stated that on reheating, the melted drug showed a glass transition temperature (Tg) at 59 °C and two endothermic reversible transitions at 74 and 90 °C. The peak at 90 °C was interpreted as the transition of the isotropic liquid into a chiral nematic mesophase, while the transition occurring at a lower temperature (at 74 °C) was assigned as being most likely due to rotational restriction of the molecules. 18 Further research on the molecular dynamics of ITZ by dielectric spectroscopy was later conducted by Tarnacka et al. 22 and Mapesa et al. 23 concluding that these endothermic transitions are in fact related to the formation of a nematic phase (LCN-I), seen as an endothermal transition at 90 °C, and a smectic A phase (LCSm-N), represented as an endothermal transition at 74 °C, phase.
With the previously published literature in mind, in this work, a range of characterisation techniques were applied to characterise ITZ further. ITZ was subjected to a thermal analysis cycle consisting of a first heating to 170 °C (as the melting point of ITZ is 166 °C) 18 , flash cooling to 25 °C and then re-heating at 10 °C/min. At higher temperatures crystallisation and melting processes were seen. A small endotherm at around 160 °C, preceding the main melting peak, was observed ( Figure 2a ). Recently, polymorphism of ITZ was described by Zhang et al. 30 , however no sign of a polymorphic transition was observed for this sample under polarising light microscopy (Figure 2a ) and by PXRD ( Figure SI. 2). Thus it is likely that the origin of this low magnitude endotherm is the presence of small crystallising particles of ITZ with the melting point following a Gibbs-Thomson relationship, similarly as described previously for fenofibrate. 31 . The positions of the LC thermal transitions (Figure 2a) were in agreement with the data reported by Six et al. 18 Nevertheless, this group observed that the glassy ITZ prepared by cooling from its melt did not crystallise on heating and that crystallisation was mechanically induced by scratching. 18 a) Thus, in another experiment the end temperature of the first heating stage was increased to 180 °C, followed by cooling to 25 °C (slow cooling at 10 °C/min) and reheating at the same rate. As shown in Figure 2b Polarising microscopy (PLM) is probably the most widely used technique to identify different LC phases as they appear to have distinct textures. 33 Based on the orientation of LC molecules one can distinguish between different phases. A sample of nematic or smectic C LC viewed by PLM often displays a colourful Schlieren texture. Between crossed polarisers, Schlieren textures show an irregular network of dark brushes, which correspond to the extinction position of the nematic LC. 33 A smectic A phase viewed by PLM appears as a focalconic fan texture. It develops directly from a nematic phase or isotropic liquid as batonnets grow, merge and eventually generate this characteristic texture. 33 The ITZ sample prepared by first heating the crystalline material to 180 °C and then cooling down to room temperature was clearly birefringent at 25 as the peak at app. 6° 2θ. 34 Thus the phase, resulting from heating ITZ past its melting point and cooled down to room temperature has a smectic arrangement, as suggested by PLM.
VT-PXRD was used to further investigate the LC phase transitions of ITZ (Figure 4b ).
The crystalline sample of ITZ was melted on the XRD sample holder at 180 °C. It was then cooled down to 25 °C followed by reheating to 100 °C at a heating rate of 10 °C/min. VT-PXRD spectra collected during cooling stage, showed a peak at 2θ of 5.88° (d-spacing 15.01 Å) beginning to appear at 60 °C. This sharp peak was persistent during further cooling down to 25 °C (Figure 4b ). This clearly indicates a long range organisation of the LC phase and strongly suggests the smectic phase formation. Similarly, on reheating the same peak was evident, but this time reduction in peak intensity was noticed (Figure 4c ). PLM-HS and PXRD studies clearly indicate that ITZ forms an ordered, anisotropic structure at 25 °C on cooling from its melt and that the molecular organisation of this phase is of a smectic and not a fully disordered, amorphous phase, as sometimes misinterpreted and referred to in many publications. 30, 35, 36 DSC thermogram, however, displays a Tg transition on cooling at 56 °C and therefore, consistent with the accepted nomenclature 37 , this phase should be referred to as a vitrified smectic phase. It should be highlighted that the phenomenon of a glass transition is not exclusive to amorphous materials. It has been long recognised that many other substances, even with a partly crystalline structure and with a long-range structural order (e.g. plastic crystals, liquid crystals, spin glasses etc.) may exhibit this transition. 38 Is this phase formed when in a mixture with polymers? The production of polymeric solid dispersions (SDs) of ITZ, as a means of improving apparent solubility and dissolution rates thus enhancing bioavailability of the drug is well known and numerous accounts on this topic have been published. 17, 26, 27 However, when screening the available information, it becomes evident that only one research group has reported that a liquid crystal phase of ITZ may be present in such SDs. 20, 21, 28 A phase separation induced by anisotropy of an LC phase can be detrimental to the performance and long term stability of ITZ formulations, as discussed later.
A screening approach was adopted first, whereby 8:2 w/w ITZ/polymer mixtures were first prepared as described in Section 2.2.5 and then subjected to a heating/cooling treatment.
Birefringence of the samples was clearly observed at 25 °C for the vitrified samples ( Figure 5 During the cooling stage, birefringent regions started to emerge only at 75 °C for ITZ/EUD and at 77 °C for ITZ/HAS samples (Figures 5a and 5b) . No sign of the LCN-I transition was apparent. The ITZ/CAR system showed a different behaviour as morphology of this sample changed at 88 °C with birefringent droplets forming at this temperature ( Figure   5c ). At 80 °C these droplets were fully formed and no further change in their birefringence upon cooling to 25 °C was seen (Figure 7) . Inspecting closely the microscopic images it became obvious that the shape and position of the droplets remained almost the same during the heating/cooling cycle. Therefore this system appears to be more viscous (also consistent with the high molecular weight of this polymer as presented in Table 1 ) in comparison to the ITZ/EUD or ITZ/HAS samples. The results also suggest that the ITZ/CAR system is more likely to form only one LC phase, most likely a nematic, rather than the more organised, smectic phase as ITZ molecules may have restricted movement due to the high viscosity of the polymer. of ITZ appearing at a drug load of 30% w/w for spray dried samples and at 22.5% w/w for the film casted systems. For the spray dried system only one LC endotherm was present, of the LCN-I transformation, interpreted that ITZ was made to a disordered mesophase resulting from the interference of the polymer and the process. 21 Two LC transitions in samples composed of ITZ and Kollicoat IR ® (a polyvinyl alcohol-polyethylene glycol copolymer) and processed by hot stage extrusion were recorded for the drug concentration 40% or higher. 28 In relation to the behaviour of investigated ITZ/CAR systems exhibiting only one LC transition, this could be caused by the strong polymer-polymer interactions 42 (though no evidence for intermolecular interactions was found in the present work by FTIR) and/or geometric inhibitions restricting the formation of a smectic phase, which is more ordered than a nematic and requires more space for the molecules to assembly. 43 As evident from the DSC studies and data presented above, at least a part of ITZ was present in the drug/polymer mix as a liquid crystal. As numerous studies show, typically part of the LC remains separated (as evident from Figure 6 ) and some of the LC phase dissolves in the polymer matrix to form a molecular dispersion. 15, 44 The fraction of ITZ remaining in the LC phase can be quantified taking into consideration the enthalpy of a LC transition (Eqn. 1): Therefore, considering just the linear fits to the experimental points, the EUD content in those blends must be at least around 20% w/w to form a homogenous, non-separated blend. For the HAS systems, the LC phases of the drug were well persistent at concentrations much lower than 80% w/w ITZ and a non-linear relationship of P(x) versus x was observed. However, both
DSC analysis of liquid crystalline transitions for
LCSm-N and LCN-I were seen to behave in a similar, non-linear manner. For the CAR/ITZ systems, a very abrupt decrease in the LC ITZ fraction was noted, as at 95% w/w ITZ only 3.6% of ITZ was separated from the blend. At 85% w/w ITZ the content of separated drug was only 1%.
Phase diagrams of ITZ/polymer systems
The phase behaviour of a low molecular weight drug substance and a polymer binary mixture in the isotropic state can be described by the Flory-Huggins (F-H) lattice theory, which is an extension of the concept of regular solutions on polymer solutions. 45 Over the last decade, this theory has been applied to describe and predict compatibility/miscibility of a number of API/polymer systems. 13, [46] [47] [48] [49] [50] Readers are referred to those papers in relation to finding out more details. However, the F-H theory alone cannot be used to describe the phase behaviour of a binary composition made of a liquid crystalline compound with a polymer due to the inherent anisotropy of LC phases. Thus an extended approach to the F-H theory needs to be employed with the total Gibbs free energy of such a system (f) represented as the combination of two constituents, the free energy (f (i) ) of mixing of isotropic liquids, as described by the F-H lattice theory, and the free energy (f (a) ) due to anisotropic ordering of molecules. 44, [51] [52] [53] The F-H free energy (f (i) ) of mixing of isotropic liquids can be described by Eqn. 2 51, 54 :
Where T is temperature (in K), R is the gas constant (in J·mol -1 ·K -1 ), ϕ is the volume fraction of the API (ITZ), m is the volume ratio of the polymer to drug volume and χ is the F-H interaction parameter. The interaction parameter χ characterises the difference in interaction energies in the mixture, therefore two situations are possible. One, if there is a net attraction between molecules of different kinds, then χ < 0 and a single phase mixture should be favoured for all compositions. However, if there is a net repulsion between molecules of different kinds then χ > 0 and phase separation is most likely to occur in this case. To summarise, a necessary condition of miscibility is that the free energy of mixing is negative, therefore χ has to be negative or slightly positive. 55 The free energy (f (a) ) due to anisotropic ordering of molecules for the nematic and/or smectic arrangement is described by the Maier-Saupe-McMillan (M-S-M) theory 44, 56 :
where ν is the temperature-dependent (v=4.54TI_N/T, where TI_N is the isotroptic-nematic transition temperature (in K)) parameter describing interactions between the molecules in the nematic phase and S is the nematic order parameter, where S=0.5(3<cos 2 θ>-1) with θ being the angle between a reference axis and the director of the liquid crystalline molecule, ξ is a smectic interaction parameter, σ is a smectic order parameter and Z is the partition function in the smectic order.
In relation to fitting the ITZ solid-isotropic (liquid) transition in the polymer systems, the parameter χ was calculated using the melting point depression method based on the F-H The phase diagrams presented in Figure 8 were constructed using the values presented in Table 1 and the data points were obtained in the following manner. Firstly, the solid-isotropic (liquid) line was constructed using the heating rate of 1 °C/min to provide sufficient time to achieve the melting temperature values as close to the solubility equilibrium as possible (Section 2.2.3.1). It was previously documented that both the heating rate and the annealing time have an impact on the melting point measurements. 49 
Solid-isotropic (liquid) line
The solid-isotropic lines presented in Figure 8 were constructed based on the onset temperature of the ITZ melting peak, however there are differing opinions as to whether the onset 12, 58 or endset (offset) 13, 48, 49 temperature of the melting endotherm of the drug better describes the miscibility of the API in the polymer. Thus, in order to compare and provide full information on ITZ miscibility in polymers in this study, both, the onset and endset temperature values for the drug were evaluated. It can be said that the solid-isotropic lines in Figure 8 represent the best case scenario of two component miscibility, determined on the ability of the melting point of crystalline ITZ to be depressed by the polymer presence.
Reliable DSC results providing data points for generation of forming the solid-isotropic lines were obtained only for the systems containing up to 40% w/w polymer. When comparing the data for the onset temperature of the melting event, there was an evident depression of the melting point in comparison with pure ITZ. The onset temperature of melting of pure crystalline ITZ, 166.1±0.2 °C, decreased with an increase in the polymer content as shown in and at all compositions analysed was not more than ±0.5 °C from the temperature determined for pure, crystalline ITZ. Table 2 summarises the values of the interaction parameter (χ) calculated based on Eqns. 2 and 3. In contrast to other researchers, no "transformation of values to linearity" [46] [47] [48] 54 was employed and the whole dataset was fitted with Eqns. 6-8 using the least-square fitting procedure, following the recommendation of Knopp and co-workers 61 , who stated that: "From a statistical perspective, the potential of DSC measurements to make miscibility predictions should be examined by deriving an objective function, which results in the unbiased, minimum variance properties of the least-square estimator." Table 3 presents the fitting parameters for the ITZ/EUD system as an example. Both datasets, determined from the onset and endset temperature values of the melting point were used. However, similar to the finding of Knopp et al. 61 , the large standard deviations obtained for many of the adjustable parameters prevent an unambiguous description of the solid-liquid line beyond the points measured experimentally. Therefore, a part of the boundary between a fully isotropic and solid ITZ in Figure 8 in the range of ITZ concentrations 0-60% w/w is marked with a broken line marking uncertainty of the predictions. 
Liquid crystalline phase separation
The phase diagrams for ITZ/polymers inclusive of LC phases are presented in Figure   8 . Only onset temperature values were taken into considerations. The experimental enthalpy of the LCSm-N and LCN-I transitions was taken to determine the boundary of the LC phase persistence shown by the broken lines parallel to the y-axis (Figure 8 ).
For the ITZ/EUD combination, the smectic phase was determined to be present for ITZ concentration above 60% w/w, while the nematic phase was persistent for ITZ contents above 85% w/w. The interaction parameter χ for the smectic-nematic and nematic-isotropic lines was determined to be 0.715±0.02 and 0.70±0.01, respectively, suggesting immiscibility of the LC phases with the polymer (Table 3) . These values are close to that calculated for the solidisotropic line, based on the endset points, which is 0.71±0.05 (Table 3 ). In contrast, the LC phases for the ITZ/HAS mixtures were still present at even around 50% w/w ITZ, however χ indicated, again, immiscibility of the API in a liquid crystalline state and the polymer ( Table   3 ). The ITZ/CAR system only showed one LC phase, nematic, disappearing at ITZ concentrations below 80% w/w. The ITZ nematic phase was immiscible with CAR judging by the interaction parameter of 0.59±0.01 ( Table 3 ).
The phase diagrams suggest that, depending on the polymer, the LC phase might be present even at a relatively large content of polymer in the binary combination, up to 50% w/w.
The interaction parameters calculated for the smectic-nematic and nematic-isotropic lines were in line with those determined for the solid-isotropic lines based on the melting endset temperature values, implying immiscibility of LC ITZ and the polymer studied. Thus it can be concluded that in an ITR/polymer mix, if ITZ is present in an LC phase, immiscibility as a result of molecule anisotropy is expected.
Glass transition temperatures
If some of the API dissolves in the polymer matrix, then it will affect the Tg of the polymer. 15 Tg values were measured for the ITZ/polymer blends and are presented in Figure 8 .
The filled symbols represent compositions when all ITZ content is expected to be fully miscible with the polymer, while open symbols are Tg values of LC phase-separated systems. For miscible blends, the presence of a single Tg generally indicates that there is a single amorphous phase present. In contrast, the presence of more than one Tg would suggest that more than one amorphous phase is present in the system. However, it needs to be kept in mind that blends showing only one Tg might be an indicator of miscibility achieved kinetically, due to intimate molecular mixing occurring in some of the processes. 62 Single Tg values were measured for ITZ/EUD and ITZ/HAS at all compositions, however a deviation from linearity is evident for samples containing LC ITZ. For the ITZ/CAR dispersions, single Tg values were recorded at 90% and 95% of ITZ, however between 70% ITZ and 85% ITZ, two Tg values were shown on DSC thermograms. One of these Tg events appeared at a temperature of approximately 57 °C and most likely it corresponds to Tg of ITZ, while the temperature of the other Tg was seen to increase until it reached approximately 131 °C. The presence of two Tg events for ITZ/CAR systems imply a phase separation that is dependent on the API content. At and below 60% of ITZ, two Tg events were noticed, one that was of ITZ and the other of CAR. It was however clear from the phase diagrams ( Figure 8) that no single Tg events should have been detected as at higher ITZ content the samples were phase separated due to the ITZ LC phase content.
Extrapolating (by linear fitting) the Tg values, for ITZ concentrations where no presence of LC phases was determined to 100% API content, the ITZ Tg values were found to be 46 and 33 °C, for ITZ/EUD and ITZ/HAS system, respectively. These values show some disparity, but are lower than that determined experimentally for the vitrified smectic phase of the drug and perhaps closer to the Tg of "amorphous" ITZ.
Conclusions
This work, for the first time, presents full phase diagrams for itraconazole/polymer systems showing a great abundance of phases, isotropic and anisotropic, that this dactive pharmaceutical ingredient, often used as a model drug substance to study amorphous polymeric solid dispersions, can form. With the phase identification sometimes misinterpreted, as evident from the published literature, this work aimed to systematise the information on disordered itraconazole and show that binary mixtures of this substance with polymers not always are able to form fully disordered systems, however, depending on the itraconazole and polymer ratio, anisotropic, liquid crystalline and phase separated mixtures may form. The formation of such liquid crystalline blends is especially evident at high itraconazole to polymer content. The construction of thermodynamic phase diagrams, taking into consideration the presence of smectic and nematic phases, can be considered as a very beneficial guide in predicting the correct identity of the phases, of a key relevance to stability and formulation works.
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